ABSTRACT: A xenoma-inducing microsporidian species was found to infect the liver of the teleost fish, peacock wrasse Symphodus (Crenilabrus) tinca. Minimal estimates of the prevalence of the parasite in fishes caught along Tunisian coasts were as high as 43% for Bizerte samples (over 2 yr) and 72% for Monastir samples (over 3 yr). Developmental stages were dispersed within a xenoma structure that was bounded only by the plasma membrane of the hypertrophic host cell. Ultrastructural features support allocation to the genus Microgemma Ralphs and Matthews, 1986 . Meronts were multinucleate plasmodia and were surrounded by rough endoplasmic reticulum (RER) of the host cell. Merogonic plasmodia developed into sporogonic plasmodia, with loss of the RER interface. Sporogony was polysporoblastic. Ovocylindrical spores (3.6 × 1.2 µm) harbored a lamellar polaroplast and a polar tube that was coiled 9 times. Spore features and host specificity led us to propose a new species, Microgemma tincae. The conversion of M. tincae xenomas into well-visible cyst structures or granulomas reflected an efficient host response involving the infiltration of phagocytic cells, degradation of various parasite stages and formation of a thick fibrous wall. The small subunit rDNA gene of M. tincae was partially sequenced. Phylogenetic analysis confirms the placement within the family Tetramicriidae represented by the genera Tetramicra and Microgemma.
INTRODUCTION
The phylum Microspora Sprague, 1977 is a group of obligate intracellular eukaryotic parasites that infect members of all major animal taxa. More than 1400 microsporidian species are distributed among about 150 genera (Larsson 1999) . Some of these are human parasites that can be responsible for diseases in immunocompromised human patients (Bryan & Schwartz 1999) . However, the most common vertebrate hosts are fish. The diversity and phylogeny of fish microsporidians have been thoroughly reviewed (Lom 2002 , Lom & Nilsen 2003 ). An increased interest in their study is justified by the ability of some microsporidia to cause severe pathologies in wild and farmed fishes, e.g. Glugea hertwigi Weissenberg, 1911 , a parasite of rainbow smelt fish; Microgemma hepaticus Ralphs and Matthews, 1986 infecting the liver of juvenile grey mullet; and Nucleospora salmonis Hedrick, Groff and Baxa, 1991 , an intranuclear parasite of salmon (Shaw & Kent 1999 , Lom & Nilsen 2003 Fish-infecting microsporidia are found in different tissues and organs, and are currently represented by a total number of 157 species from 15 genera (Lom 2002 , Azevedo & Matos 2003 . Ten genera are known to induce xenoma formation. The term xenoma accounts for a symbiotic complex characterized by a dramatic accumulation of parasite stages within the cytoplasm of a single hypertrophic host cell (Weissenberg 1949) . The xenoma topology is variable according to the parasite and host species. In a recent attempt to classify fish-infecting microsporidia on the basis of the organization and physiology of the xenoma, it was concluded that the xenoma structure is a relevant criterion for only a few genera (Lom & Nilsen 2003) . However, the focus of infection remains a useful element for species diagnosis, especially when the xenoma can be observed by the naked eye, e.g. for Spraguea lophii Doflein, 1898, a parasite of Lophius spp. (Loubès et al. 1979) , or Glugea atherinae, a parasite of Atherina boyeri (Berrebi & Bouix 1978) . Another criterion is the tissue tropism of the infection, e.g. the central nervous system for Spraguea (Loubès et al. 1979) , muscles for Pleistophora (Canning & Nicholas 1980) and Kabatana (Lom et al. , 2000 , connective tissue for Glugea (Moniez 1887), oocytes for Ovipleistophora (Pekkarinnen et al. 2002) , gills for Loma (Morrison & Sprague 1981) and liver for Microgemma (Ralphs & Matthews 1986) . A phylogenetic study based on small subunit (SSU) rDNA data has led to the distinction of 5 major groups of fish-infecting microsporidia, with these groups representing either families, superfamilies or higher taxa (Lom & Nilsen 2003) . For example, Group 3 is restricted to a single family divided into 3 clades (clades 1, 2 and 3), whereas Group 4 appears as a superfamily comprising 2 known families (Spragueidae, Tetramicriidae) and an additional clade (clade 4: Kabatana and Microsporidium seriolae).
Within the context of an evaluation of the impact of microsporidians on fishery off the Tunisian coasts of the Mediterranean Sea, a new species was identified in the liver of the teleost fish, peacock wrasse Symphodus (Crenilabrus) tinca Linnaeus, 1758 (family Labridae). Here, we present developmental and ultrastructural features of this parasite, with special emphasis on the evolution of the focus of infection. The proposed assignment to the genus Microgemma (family Tetramicriidae) is in agreement with a comparative analysis of partial SSU rDNA sequences.
MATERIALS AND METHODS
Sampling. Fish were captured by fishermen in boats working off the Tunisian coast near the towns of Monastir (35°46.7' N, 10°50.1' E) and Bizerte (37°16.4' N, 9°53.2' E) (Fig. 1) . About 80% of fishes were caught near Monastir during 4 sampling programs over 3 yr (from 2001 to 2003) , the remainder near Bizerte during 3 sampling programs over a period of 2 yr (from 2002 to 2003) . Fishes belonging to the species Synphodus tinca were subjected to a thorough examination of the liver by a stereomicroscope, in order to detect possible foci of infection. Pieces of liver were either fixed immediately for cytological work or preserved in 1× phosphate buffer saline solution (PBS) for spore purification and later DNA extraction.
Light microscopy and transmission electron microscopy. Liver fragments were fixed with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.3) and postfixed with 1% osmium tetroxyde in the same buffer for 1 h. Samples were then washed 3 times in cacodylate buffer, dehydrated in increasing concentrations of ethanol and embedded in Epoxy resin via propylene oxide. Sections were performed with a Leica Ultra-cut S ultra-microtome. For light microscopy, semi-thin sections were stained with 0.2% Azur Blue II, pH 8.5. Ultra-thin sections were routinely stained with uranyl acetate and lead citrate, and then examined with a Jeol 1200 EX electron microscope.
Spore purification and DNA extraction. Spores were mechanically released from liver pieces using 5 to 10 manual strokes of a Potter homogenizer (size no. 22, 0.005 to 0.007 inch clearance, Kontes-Gerresheimer). After washing several times in 1× PBS to eliminate contaminants of host origin, the spores were purified by filtration through 0.5 g of glass wool. DNA extraction was carried out on purified spores with the Elu-QUIK kit (Schleicher & Schuell) according to the recommendations of the supplier. DNA was eluted in 50 µl of TE (1 mM Tris, 0.1 mM EDTA) buffer pH 8 and stored at -20°C.
PCR amplification. On the basis of the alignment of sequences available in the SSU rDNA database (http:// www.psb.ugent.be/rRNA/ssu) and of a compilation of eukaryotic primers (http://www.psb.ugent.be/rRNA/ primers/NS_lst.html), 2 degenerated primers were designed to offer a better specificity for microsporidia: SF4m (5' CACCAGGTTGATYCTGCCTRD 3') and SR1147m (5' TGTRGTRAICYTCCGYCAATY 3'). The expected size of the amplicon was approximately 840 bp. Amplification was carried out in 50 µl reaction using 5 pmoles of each primer, 0.2 mM of each dNTP, 5 U of GoTag™ polymerase in 1× supplied buffer (Promega) and 1 to 10 ng of genomic DNA. The reactions were run with a PerkinElmer thermocycler for 35 cycles of 94°C for 30 s, 56°C for 20 s and 72°C for 40 s, followed by a final extension at 72°C for 10 min. PCR products were visualized by running a 5 µl aliquot on a 1% agarose gel and then cleaned using the QIAquick® PCR purification Kit (QIAGEN) according to the handbook protocol.
Cloning and DNA sequencing. Purified PCR products were inserted into the pGEM®-T Easy Vector system (Promega) and cloned in competent XL1-Blue Escherichia coli cells. From each cloned PCR product, 2 or 3 positive clones were selected for sequencing. The sequence reaction was run in a PerkinElmer thermocycler with 5 µl of CEQ Dye Terminator Cycle Quick Start Master Mix (Beckman Coulter). Five different primers were used in order to obtain the whole sequence in both directions: SSR530 (Weiss & Vossbrinck 1998) , SP6, T7, SF4m and SR1147m. DNA sequencing was performed with a CEQ™ 2000 capillary sequencer (Beckman Coulter).
Sequence assembly and phylogenetic analysis. Sequence data were stored in the AceDB database (Durbin & Mieg 1991) . Trace clipping (vector and quality) and assembly were done with an Acembly platform on SUN ultra 5 with Solaris UNIX operating system. A search for sequence similarities was carried out using the Basic Local Alignment Search Tool (Blastn) from NCBI BLAST web portal (www.ncbi.nlm.nih.gov/BLAST). The consensus sequence of high quality selected for further multiple alignments was 813 bp in length (from base 31 to base 843). Similar SSU rDNA regions of other microsporidia were extracted from GenBank DNA entries. Sixteen sequences selected for phylogenetic analysis (Table 1) were from species assigned to Group 4 and a few representatives of the 4 other groups of fish-infecting microsporidia (Lom & Nilsen 2003) . The tree was generated by the neighbor joining (NJ) method implemented in CLUSTALW software (Thompson et al. 1994) available at the INFOBIOGEN deambulum web portal (www.infobiogen.fr/services/deambulum/fr/). The bootstrap was based on 1000 samples and 111 randomizations.
RESULTS

Prevalence of the microsporidia infecting
Symphodus tinca
We examined the liver from 234 fishes of the species Symphodus tinca. Ranging in size from 12.7 to 29 cm, these fishes were divided into 6 different classes, each covering a size range of 3 cm ( Table 2 ). The smallest 219 Table 1 . Accession number and coordinates in SSU rDNA database entry for microsporidia used for multiple alignment and phylogenetic tree construction. Sequences are sampled in all groups to provide an overview of the diversity of fish infecting microsporidia. Organisms of Group 4 (Lom & Nilsen 2003) The frequency of fishes with a liver containing at least 1 microsporidian cyst, as detected with a stereomicroscope, was calculated for each fish size class. In both Monastir and Bizerte samples, the highest frequencies are clearly associated with the fish size classes that are below the mean class (Table 2 ). On the basis of the aforementioned observation, the total prevalence during the 2 or 3 yr period considered is estimated to be 72% for Monastir and 43% for Bizerte (Table 2 ).
An additional variable is the parasite charge (or infection intensity), i.e. the number of cysts per fish liver. Given that newly formed xenoma may be of a size below the detection limit, zero values are uncertain. The apparently uninfected fishes were therefore included within the low class of parasite charge, so that only the following 3 intervals were considered: [0; 10[, [10; 30[ and [30; +∞ [ . All the individuals harboring at least 30 cysts belong to the 2 lower size classes (Table 2) . Young fishes are, therefore, more susceptible to multiple infections.
Life cycle stages
The merogony of the parasite takes place in direct contact with the host cell cytoplasm and is characterized by the formation of near-spherical multinucleate plasmodia, with an average diameter of about 8 µm (Fig. 2a) . The cytoplasm is rich in rough endoplasmic reticulum (RER), and a maximum of 8 unpaired nuclei were counted on a section plane cut. Clusters of nuclei were sometimes observed. It is clear that the merogonic plasmodia are almost completely surrounded by host RER cisterna, the innermost membrane of which is tightly associated with the parasite plasma membrane (Fig. 2b,c) .
The transition to sporogony is marked by the progressive disappearance of the peripheral host RER and the deposition of an electron-dense material onto the parasite plasma membrane. Sporonts are also represented by multinucleate plasmodia remaining in direct contact with host cytoplasm. Their shape and size are similar to those of meronts but their nuclei are more dispersed throughout the plasmodium (Fig. 3) . Early sporoblasts correspond to small round cells of uniform size (mean diameter: 3 µm) (Fig. 4a,b ). This suggests a rapid transition from the sporogonic plasmodium to the sporoblast stage via a simultaneous plasmotomic division process. The sporoblast evolves to an ovoid shape parallel to the development of an extensive intracellular membrane network and the deposition of large patches of exosporous material (Fig. 4c) .
The final cell stage is an ovocylindrical spore (Fig. 5a-c) that measures 3.6 × 1.2 µm on average. Its anterior region contains the polaroplast that is exclusively of a lamellar type. The most packed membranes are found near the spore apex marked by the polar cap (or anchoring disk). Located at the centre of the spore, the nucleus is unique, spherical and surrounded by a concentric membrane array. The posterior vacuole is as large as the nucleus and extends close to a membranous body with coiled tubular elements (Fig. 5a,c) . The polar tube forms 9 coils in its posterior part (Fig. 5a,c) and can be assigned to the isofilar type. The manubrium is rather long, forming an angle of about 32°f rom the spore longitudinal axis (Fig. 5b) . The exospore is thin and without ornaments. The electronlucid endospore has a thickness of 110 nm that is reduced to 55 nm at the spore apex (Fig. 5a,b) . No sporophorous vesicle was observed.
Formation of the focus of infection
No external morphological signs of disease were visible in the infected fishes. At the macroscopic scale, a focus of infection appeared as a whitish, oval cyst that was generally connected with some blood vessels on the liver surface. These cysts were either isolated (Fig. 6) or clustered (Fig. 7) . Two major stages in the evolution of the focus of infection, termed the xenoma and granuloma, are distinguished.
Xenoma
As a result of the considerable growth of an infected liver cell of an uncertain nature (cell type), the xenoma may attain up to 200 µm in diameter, as shown by light microscopy of semi-thin sections. Because of their relatively small size, the visualization of xenomas required serial cross sectioning of fish liver pieces. Electron microscopy revealed that the parasite stages are randomly dispersed inside the enlarged host cell, with a hypertrophic and reticulate nucleus located at the periphery (Fig. 8) . Early formed xenomas are surrounded only by the membrane of the infected host cell (Figs. 8 & 9) . Fairly large vesicles representing more or less swollen host mitochondria are also concentrated in the peripheral region (Fig. 9) . The presence of fibrous ele-Figs. 2 to 5. Microgemma tincae n. sp. infecting Symphodus tinca. Transmission electron micrographs of the developmental stages of M. tincae n. sp. in liver cells of S. tinca. Fig. 2 . Multinucleate merogonic plasmodium. The plasmodium is largely surrounded by cisternae of host rough endoplasmic reticulum (asterisks). Nuclei (n) form 2 distinct clusters. Higher magnification revealing the presence of ribosomes on the outer host membrane (arrow). M: merogonic cytoplasm. Close apposition of the inner host membrane to the merogonic plasma membrane (arrows). M: merogonic cytoplasm. Fig. 3 . Multinucleate sporogonic plasmodium. n: nuclei. Fig. 4 . Sporoblastic cells. A view of newly generated sporoblast, as suggested by the persistence of septa (arrows). Deposition of an outer electron dense material (arrows) and development of an extensive membranous network. Late sporoblastic stage, elongated in shape. The posterior vacuole (pv) begins to differentiate and the nucleus (n) occupies the opposite region. Concentric layers of membrane are abundant near the center of the future vacuole. The hypertrophied nucleus (HN) of the infected cell strongly contrasts with the usual nuclei of uninfected cells (hn). The xenoma is bounded by a unique plasma membrane (arrows) and all parasite stages are spread randomly within the host cytoplasm. A large number of vesicles (v) accumulated toward the periphery. M: meront; Sp: sporont; Sb: sporoblast; S: spore. Fig. 9 . Vesicles (v) with a double membrane (arrows) likely represent degenerated mitochondria. Fig. 10 . Deposit of fibrous elements at the xenoma periphery (arrows). Fig. 11 . Typical view of the granuloma interior. The compartmentalization results from the infiltration of phagocytic cells. Parasite stages other than spores are no longer recognizable. pn, phagocytic cell nucleus. Fig. 12 . A phagocytic cell with some internalized spores, a nucleus of usual size (pn) and a thickened cell surface (arrows). Fig. 13 . Spores at different stages of degeneration, some of which mainly retain the endospore material. ments near the xenoma plasma membrane (Fig. 10) is assumed to represent an early stage of host tissue response.
Granuloma
The development of the focus of infection involves an inflammatory response leading to a larger granuloma structure, up to 2 mm in diameter. Although it is somewhat difficult to determine the precise order of all the events, our electron micrographs of several granulomas suggest the occurrence of the following major phenomena: (1) infiltration of phagocytic cells, (2) progressive degradation of parasite stages, (3) formation of a thick envelope coat. Suggestive of macrophages, many cells with a simple nucleus exhibit large vacuoles that enclose more or less degraded parasite cells (Figs. 11 & 12) . Such phagocytic cells are progressively surrounded by an electron-dense fibrous material (Fig. 12) . The lack of evidence for plasmodia indicates a rapid destruction of the early stages of the parasite. Some degenerated late sporoblasts or spores can be seen in the form of wrinkled empty shells (Fig. 13) . Thus, the central part of the granuloma tends to be enriched in more resistant mature spores. In addition to the deposition of dense material around all phagocytic cells, significant changes are mainly detected in the peripheral region of the granuloma (Figs. 14, 15, 16, 17 & 18) . A major consequence of the migration of numerous fibroblasts towards the focus of infection is the development of a thick coat (20 to 30 µm) containing several layers of fibrous elements that are commonly found within the extracellular matrix (Figs. 17 & 18) . Spores may be trapped in the innermost and more compact part of the granuloma coat (Fig. 18 ).
rDNA sequence comparison
An 843-bp region of the SSU rRNA gene of the studied species was sequenced (GenBank accession number: AY651319). Multiple sequence alignment revealed strong identities with members of Group 4 defined by Lom & Nilsen (2003) , including 2 defined fish microsporidians representative of the 2 genera assigned to the family Tetramicriidae: Microgemma caulleryi (93% identity) and Tetramicra brevifilum (95% identity). The most closely related sequence was provided by the GenBank entry AJ252952 (direct submission by S. A. Cheney, 1999 ) that originates from an organism named Microgemma sp., but for which no morphological description is available. The phylogenetic tree generated by the NJ method confirms the clustering of the 2 species (Fig. 19) . The bootstrap value (1000) gives high confidence to this result.
DISCUSSION
The only report of a microsporidian infecting Symphodus tinca is Ichthyosporidium hertwegi collected in the Black Sea (Swarcewsky 1914) . A large structure (4 mm) containing smaller cysts (60 to 100 µm) was observed in the gills. Many features were in common with Ichthyosporidium giganteum, a parasite of another Symphodus species (S. melops). In both Ichthyosporidium species, early stages are monokaryotic amoeboid cells and sporogony is diplokaryotic (Swarcewsky 1914) . This is not the case in the microsporidian that formed cysts in the liver of S. tinca specimens.
There was a fairly high prevalence among fishes captured in the Mediterranean Sea near Monastir and Table 1 ) showing the close relationship between the microsporidian parasite of Symphodus tinca and Microgemma sp. within Group 4 of fish-infecting microsporidia (Tetramicriidae and Spragueidae). The bootstrap value is given for each node. Groups (G1 to G5) and clades (C1 to C4) numbered according to a recent exhaustive phylogenetic analysis (Lom & Nilsen 2003) are represented on the right of the figure. The scale bar shows the number of changes per site Bizerte (Tunisia). Small specimens were the most frequently infected and exhibited the highest parasite load. Thus, although we did not examine younger fishes (below 12 cm in length), it seems likely that juveniles are very sensitive to microsporidian infection. The low frequency of cysts in classes of large specimens may reflect either a selective advantage of fishes that have never been infected or an increasing resistance to primary and/or secondary infections during fish growth. The second possibility is supported by cytological evidence for granuloma formation. The host response expressed by xenoma to granuloma conversions might become sufficiently efficient in adult fishes to stop parasite proliferation. Differences in the frequency of infected fishes and parasite charge between the 2 fishing sites may be due to differences in sampling. Some external factors may also be involved. It is noteworthy that the Bizerte coast is open to the Mediterranean Sea and presents a low level of pollution, in contrast to the Monastir coast. We hypothesize that pollution favors repeated microsporidian infections. Some pollutant stressors are known to enhance the susceptibility of hosts to various parasites (Yeomans et al. 1997 , Williams & MacKenzie 2003 . In a recent study, multifocal xenomas of Glugea stephani were frequently observed in fishes captured in 2 bays near contaminated sites in western Newfoundland (Khan 2004) . The periphery of the xenoma induced by the microsporidian infecting Symphodus tinca displayed only a plasma membrane coated with a thin fibrous layer. This is quite different from Glugea xenomas which are characterized by the formation of a thick wall comprising multiple layers of a glycoprotein material secreted by the infected cell (Canning et al. 1982) . No microvilli-like projections were observed in contrast to xenomas due to Tetramicra brevifilum (Matthews & Matthews 1980) , Microgemma hepaticus (Ralphs & Matthews 1986 ) and Microfilum lutjani (Faye et al. 1991) . Numerous mitochondria were packed within a peripheral cytoplasmic region as in Microgemma hepaticus (Ralphs & Matthews 1986 ) and M. ovoidea (Amigó et al. 1998) . From our observations, we can deduce that most large cysts in the liver of S. tinca are the visible expression of xenoma to granuloma conversions involving the infiltration of macrophages and recruitment of fibroblasts. Similar host responses have been reported for fish infections due to various microsporidia such as Glugea anomala (Dykova & Lom 1978) , Spraguea lophii (Dykova & Lom 1980) , T. brevifilum (Matthews & Matthews 1980 ) and 3 Microgemma species (Ralphs & Matthews 1986 , Amigó et al. 1998 , Leiro et al. 1999 ). However, it should be recalled that granuloma formation in fish hosts can be related to infections by several other organisms including mycobacteria (Gauthier et al. 2003) , coccidia (Eaton et al. 1991) , parasitic fungi (Lilley et al. 2003 , Johnson et al. 2004 ) and nematodes such as Anguillicola crassus (Székely et al. 1996) . Microsporidian stages were extensively degraded within a cyst that progressively acquired a thick envelope. However, the cluster structure of some individual foci of infection and the existence of multiple foci suggest that some spores may escape degradation. During envelope formation, phagocytic cells can release spores, as thoroughly described in M. ovoidea (Amigó et al. 1998) .
All developmental stages of the Symphodus tinca parasite were observed to lie in direct contact with the host cell cytoplasm and to have unpaired nuclei. No sporophorous vesicles are formed. Meronts and sporonts are multinucleate plasmodia that divide by plasmotomy. The meront is typically surrounded by host RER. Its direct transformation into sporont is marked by the loss of the host RER-parasite interface, as well as by the appearance of the peripheral dense material assimilated to the future exospore. Such characters suggest that the species could be assigned to the genus Microgemma (family Tetramicriidae). Three Microgemma species have been previously characterized, all growing in fish liver cells: M. hepaticus Ralphs & Matthews, 1986 , a parasite of the grey mullet (Ralphs & Matthews 1986 ); M. ovoidea Thélohan, 1895, a parasite of the red band fish (Amigó et al. 1996) ; and M. caulleryi Van den Berge, 1949 , a parasite of the greater sand-eel (Leiro et al. 1999) . In these 3 species, sporonts divide by a combination of budding and plasmotomy to give sporoblasts. Unfortunately, we failed to gain informative images of intermediate division stages in the S. tincainfecting species. As all the sporoblasts are of a similar size, we assume that simultaneous plasmotomy is the major process. Significant differences in host cellmeront interface exist among Microgemma species. As for the parasite of S. tinca, host RER cisternae surround the meronts of M. caulleryi (Leiro et al. 1999 ), but not those of M. ovoidea (Amigó et al. 1996) . The M. hepaticus case with meronts enclosed within host RER lumen is remarkable (Ralphs & Matthews 1986 ). The membranous body located close to the posterior vacuole of young and mature spores has also been described in Tetramicra brevifilum (Matthews & Matthews 1980 ). However, this structure, called a posterosome (Weiser & Ž ižka 1975) , is likely present in various microsporidia, including mammal-infecting species such as Encephalitozoon cuniculi (Pakes et al. 1975) . A Golgi origin has been suggested (Vavrá & Larsson 1999) . We think that neither RER-derived interface nor posterosome are relevant criteria for species classification.
We tend to exclude an assignation to the morphologically similar genus Tetramicra, only represented by the species T. brevifilum, which commonly infects the turbot (Estévez et al. 1992 ) but can be also found in the black anglerfish (Maíllo et al. 1998) . Microgemma sporogony is indeed polysporoblastic, whereas Tetramicra sporogony is tetrasporoblastic (Matthews & Matthews 1980) . However, the grouping of T. brevifilum with Microgemma caulleryi in phylogenetic SSU rDNA trees generated by the maximum likehood method (Lom & Nilsen 2003) , as well as in our analysis by the NJ method, is somewhat surprising. Do the direct transition from merogonic to sporogonic plasmodia in Microgemma and the regular presence of tetranucleate sporonts in Tetramicra represent significant discrimination criteria at the generic level? Is M. caulleryi really more structurally similar to other Microgemma species than to T. brevifilum? With respect to the first question, the origin and mode of division of sporogonic plasmodia are known to be diverse among microsporidia and indeed appear as useful characters for taxonomy. The relative importance of the discrimination between 'tetrasporoblastic' and 'polysporoblastic' is debatable, however. Formerly named Glugea caulleryi, the parasite of the greater sand-eel was transferred to the genus Microgemma, mainly because of the lack of sporophorous vesicles and the occurrence of a polysporoblastic sporogony that forms separate sporoblasts by exogenous budding (Leiro et al. 1999 ). The number of sporoblasts has not been mentioned and cannot be deduced from the examination of published electron micrographs. Thus, uncertainties in the description of M. caulleryi sporogonic division leave the question open as to whether M. caulleryi and T. brevifilum belong to different genera or not. Unfortunately, the finding that the parasite of Symphodus tinca is the closest relative of Microgemma sp., on the basis of our comparison of partial SSU rDNA sequences, cannot be correlated with morphological data. The only information available for the aforementioned putative Microgemma species is indeed its isolation from the liver of the long-spined sea scorpion Taurulus bubalis, as mentioned in a study focusing on phylogenetic relationships between Pleistophora-like species (Cheney et al. 2000) . It is hoped that SSU rDNA from Microgemma hepaticus and Microgemma ovoidea will be further sequenced to help to develop a better resolution of possible distinct clades within the family Tetramicriidae and a better evaluation of the structural criteria used to distinguish at least two genera. Based on the current level of our knowledge, it seems reasonable to consider that the microsporidian found in the liver of Symphodus tinca is a Microgemma species.
DIAGNOSIS OF MICROGEMMA TINCAE NOV. SP.
Locality. Tunisian coasts, Mediterranean Sea (prevalence: 43 to 72%) Host and site of infection. Symphodus (Crenilabrus) tinca (Linnaeus, 1758) ; liver.
Lesion. Whitish xenomas up to 200 µm (granulomas in old infection).
Development. Nuclei are unpaired in all development stages.
Merogony: Multinucleate meronts divide by plasmotomy, are surrounded by host RER and enter directly to sporogony.
Sporogony: Multinucleate plasmodia sporonts are rounded in shape, in direct contact with host cell cytoplasm and divide by plasmotomy, producing spherical sporoblastic cells. Sporoblasts are also in direct contact with host cell cytoplasm.
Spores: Uninucleate and ovocylindrical, mean size of 3.6 µm × 1.2 µm. Polaroplast is exclusively lamellar. Isofilar polar tube (9 coils). Vacuole, in the posterior third of the spore, is associated with a tubular membranous body.
Signature sequences. Pair-wise sequence variation between M. tincae and Microgemma sp. sequence represents about 1%, corresponding to the insertion of an AC dinucleotide (positions 24 to 25) in M. tincae and to 3 base substitutions (3 A/G transitions in positions 224, 230 and 489; 3 transversions in positions 823, 835 and 836). Only the 2 last substitutions are characteristic of M. tincae.
Remarks. The site of infection in the host and description of the onset of parasite development (merogony to mid-sporogony) are strong criteria for the placement of the microsporidian infecting Symphodus tinca in the genus Microgemma. The contention that this is a new species is supported by the cytological features at the end of the sporogony (division of the sporont in sporoblasts) and rDNA phylogenetic analysis.
